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SUMMARY

BACKGROUND

This report describes an effort to identify and quantify the
potential impacts of a new concept of avionics integration on weapon
system personnel requirements and life cycle cost (LCC). The concept
is the Digital Avionics Information System (DAIS) under development
at the Air Force Avionics Laboratory. The techniques and models
used in this analysis were developed specifically for the purpose
of analyzing the potential impacts of alternate designs on system
LCC based on data available in the conceptual stage of systems
development. The objective was to develop tools and techniques necessary
to assess the LCC implications of new system design concepts, and
use them in an analysis of the potential of the DAIS concept of
avionics integration to impact avionics LCC. This report describes
that analysis and presents its results.

APPROACH

As a preliminary investigation, the analysis reported here
provides a firm basis for gauging the possibilities afforded by the
DAIS approach (as yet an incompletely defined approach to avionics
standardization) to favorably impact the high cost and resource require-
ments of advanced weapon system ownership. The approach taken
was: to postulate a typical close-air-support (CAS) mission avionics
suite to serve as a baseline for comparing present day and DAIS
configuration specifications; to define, as much as possible, the effects
of a DAIS architecture on such a suite, and to identify and quantify
the differences between the standard and DAIS versions of the suite
in terms of support requirements and LCC.

The following guidelines were used in the analysis reported
in this document.

I. Identification of the basic ground rules, assumptions, and
constraints under which the DAIS LCC impact analysis would
be conducted. The ground rules defined a hypothetical application
of DAIS and non-DAIS configured avionics in n CAS aircraft.
The assumptions and constraints defined the logistic environment
and cosling guidelines.

2. Identification of specific effects of a DAIS application with
a plan for comparing what could be considered n reasonable
DAIS application in an avionics suite to n suite which was
functionally equivalent but of conventional configuration. This
was accomplished through engineering analysis and he us,
of the Life Cycle Cost Impact Model (L(:CIM) developed as
a part of the overall effort.



3. Quoantifiction at the cost ditference between the DAIS (in(
non-DAIS avionic si ites tising the LCQIM.

This report presents and disc(isses this comporative impact (nilVSis

rind describes some of the timitations in concept detinition. s(-p,-
of application, and cost data availability which tend to bound the
definitiveness of this type of anolysis.

RESULTS

Basically, the DAIS is a concept of avionics architecture which
simplifies the interfacing, joint operation, and installation of avionics
subsystems within a total integrated system. Designed to reduce
the proliferation of disparate avionics components by standardizing
specifications and pr( ding for increased functional ind operational
compatibility, the DAIS is expected to favorably impact weapon
system LCC. That impact is anticipated to affect the major cost
areas of research and developmer.', system investment, support invest-
ment, and particularly, operating and support cost.

The results of the comparison of the DAIS and non-DAIS show
that the expected higher procurement cost for a DAIS system is
offset by savings in recurring costs, especially those associated with
manpower. The DAIS life cycle cost was 4.3 percent lower than
the conventional avionics for the chosen scenario of 72 CAS aircrott
operating over a 15-year period. Inflation, if considered (t a moderate
six percent, can increase this difference to 9.4 percent.

Standardization affects LCC (is a function of the numher of
aircraft and aircraft types that share a given comnonilitv. When
application of the DAIS concept was postulated across six nircraft
types, each considered as a block of 72 aircraft, the L(C" per aircratt
avionics package was shown to be reduced by 14.9 percent relative
to conventionil avionics configjrurtions.

An attempt was made to quantify the imp ict of the I)AIS
compatibility to facilitate system change. This was done by postiitina? m
the addition of a subsystem with little sottware req(Iiremeuts. 111t,
cost comparison for this selected subsystem addition indi(ited 'I
41 percent reduction in the LCC of the modification attrihitable
to the DAIS avionics architecture of the total sistern. Another sih-
system with considerable sottware requ irements was po ot lited il-
a retrofit to each avionics confiqiuration. The cost -Onp1(i ri s tor
this s ibsystern addition indicnted a 94 percent cost s(ivm s Iri L_ C
for DAIS over the capability of a conventional ivionic\ s ntl ir, iti
to facilitate this change.

This study assiores (ill CA) missions canit ~uIw~ril
bv oine ,ivionics conti( iration. Theretore, it dues-, r ,t k it tft
.m p. . t on) ni. .nten. .im c .. ost- .t ny 'it .proved r II of nti r .:I .i

missioris brommiqht riharit 1iv I ht'I IM P, diu'sior.



PREFACE

This report describes a preliminary investtigation of the plotential
impact of the D)igital Avionics Information System (DAIS) concept

on system support requirements and life cycle cost (LCC) through n
LCC comparison of a representative mid-1980s DAIS configured
avionics suite and present day conventionally configured avionics
suite. It is one of several products of contract F33615-75-C-5218,
"DAIS Life Cycle Costing Study," which was conducted to provide
tools and techniques for evaluating the LCC impact of operational
implementation of the DAIS concept of avionics integration.

The conduct of the study was directed by the Advanced Systems
Division, Air Force Human Resources Laboratory, Wright-Patterson
Air Force Base, Ohio, and is documented under Work Unit 20510001.
It was performed under Air Force Avionics Laboratory Program Element
63243F, "Digital Avionics Information System," Project 2051. Project
2051, "Impact of DAIS on Life Cycle Costs," is jointly sponsored
by the Air Force Human Resources Laboratory, the Air Force Avionics
Laboratory, and the Air Force Logistics Command.

Contract funds were provided by the Air Force Avionics
Laboratory. The DAIS Program Manager is Mr. Terrance A. Brim.
Mr. H. Anthony Baron is the Air Force Human Resources Laboratory
Project Scientist. The Air Force Logistics Command Project Officer
is Captain Ronald Hahn. The contractor Program Manager is Mr. John
Goclowski.
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IMPACT OF DAIS CONCEPT ON LIFE CYCLE COST

I. INTRODUCTION

The Digital Avionics Information System (DAIS) concept can
serve as a basis for guiding future avionics development as digital
technology continues its rapid expansion into new weapon systems
and aircraft retrofit programs. DAIS can do so by providing guidelines
for avionics standardization. Defining DAIS-attributable performance
capabilities is the first step toward the development of a DAIS-related
data base and design standardization. Yet, performance capabilities
will provide only a part of the data necessary for decision making
regarding the DAIS concept. An additional requirement is a realistic
estimate of the life cycle cost (LCC) impact of implementing the
DAIS concept which is provided by this study.

Given a scenario specifying aircraft type, aircraft mission,
and aircraft support environment, the objective of this study was to
make a quantitative comparison of LCC between (u DAIS and a con-
ventional avionics configuration. Along with this objective, the study
was designed to achieve the following.

I. Identify those cost elements which have the greatest impact
on the LCC differential between a. DAIS and a conventional
(non-DAIS) avionics configuration.

2. Identify and describe the effects of inflation, retrofit,
standardization, and learning curve on LCC.

The Life Cycle Cost Impact Model (LCCIM), applied in this
analysis, provides a systematic approach to evaluating the cost effective-
ness of avionics designs. The cost effectiveness estimates were obtained
by comparing the LCCIM of a DAIS and a conventional (non-DAIS)
avionics configuration.

The remainder of this volume describes the DAIS LCC study
as follows.

Section II. The DAIS characteristics and the differences between
a DAIS and a non-DAIS avionics configuration.

Section III. The LCCIM modeling system used in this study and
the aircraft/avionics scenario used for the DAIS/non-DAIS
cost compnrison.

Section IV. The results of the DAIS/non-DAIS LCC comparison by
cost category, subcategory, and element; and, the factors
which impact LCC.

Sect n V. The conchsions of the study (nd nn identification of
the cost elements which aippear to be high cost drivers.

i-cECEDIQ PAGEI BLANK-N4OT 71A'm-



II. DAIS CHARACTERISTICS

To meet complex mission requirements, conventional military
avionics have grown in number and sophistication. This growth has
inevitably led to increased costs of design, acquisition, and support.
These costs have spiralled upward due to the fact that avionics sub-
systems have typically been acquired as autonomous units with little,
if any, commonality. Thus, successive weapon system acquisition
programs have resulted in a proliferation of sophisticated, nonstandard
avionics suites leading to escalating costs.

The DAIS seeks to demonstrate a solution to the problems
of both proliferation and nonstandardization. It functions with a standard
multiplex bus, processor, executive control software, and the use
of higher order language (HOL). Basically, the DAIS technology provides:
(a) the ability to modify existing software to meet new requirements.
(b) the potential for improved reliability through the planned use
of redundancy at subsystem, equipment. and component levels, (c) the
opportunity for adding new sensors and capabilities to the system
without rewiring the aircraft, and (d) the means for using modular
or common equipment design on different types of aircraft. As a
result, the DAIS approach offers the opportunities of enhancing capability
and flexibility while minimizing LCC.

The minimum essential elements of the DAIS concept (as presently
defined) include:

I. 1553B MUX Bus (with Bus Controllers and Remote Terminal
Units)

2. AN/AYK-15A Processor (with associated memory)

3. Standard JOVIAL executive

Additional elements included in the DAIS configuration are integrated
controls and displays, central integrated testing, and consolidated
test equipment. A simplified block diagram of the general DAIS
architecture that links these core elements with sensor elements
is shown in Figure 2.1.

2.1 DAIS HARDWARE

The processors communicate with each other and with the

sensors, weapons, controls, and displays through a bus control interface
unit (BCIU) which can be contained within the processors. Comrnlinica-
tion is accomplished through a dual redundant standardized (MIL-STD-
1553A) multiplex data bus system under control of the software.

The software consists of application ,oftwnre (ind exec itiye
software. Application software performs the processing req ired for
a specific aircraft mission application and major ti nc-tions (sm h
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as navigation, weapon delivery). Executive software performs the
bus system control and provides services to the application software.
The software is implemented in the JOVIAL J73/I higher order language
(HOL), using structured programming techniques and standards. A
modular architectural approach is used to insure reliable, transferable,
and maintainable software.

The Remote Terminal Unit (RTU) condit ions various analog,
digital, and discrete signals from the sensors and subsystems through
interface modules and formats these signals for bus transmission.
The RTU is designed to accommodate various interchangeable types
of interface modules to provide the proper electrical interface with
different sensors. The RTU is programmable to permit mapping of
the data between the data bus and the sensors, as required for the
specific avionic system configuration. The avionic sensors or subsysterns
can also interface directly with the data bus if the subsystem is
compatible with the bus control protocol.

Controls and displays within the aircraft provide an interface
between the operator and the avionics system configuration. They
consist of a set of data entry devices and display devices using digital
input/output capability whenever feasible. The controls and displays
also provide redundancy where displays or integrated keyboards can
serve as a backup to each other.

2.2 DAIS AND NON-DAIS HARDWARE

The discrete and nonintegrated quality of the non-DAIS concept
becomes apparent when the DAIS and non-DAIS architecture are
compared in terms ot functional groups to be discussed in hierarchical
levels (see Figure 2.2). The upper portion of this figure presents
the functional subsystem groups normally found in a non-DAIS configura-
tion. Each of the subsystems contained in these highest level groups
usually contains their own power supplies, controls, displays, wiring,
and software. To illustrate the basic structural difference, these
functional groups are then separated into the basic DAIS structure
of sensors and core. In the figure, the functional group of processing
and multiplex (MUX) interface (characteristic of DAIS) is added under
"core."

The DAIS and non-DAIS hardware elements selected for this
study can best be visualized by extending the functional groups identified
in Figure 2.2 to two lower levels of indenture. The extension is
accomplished, (is shown in Figure 2.3 through 2.7. for the two configura-
tions compared in this LCC study. Equipment elements are annotated
as to their applicability to DAIS, non-DAIS, or both. Figure 2.H depicts
the equipment elements peculiar to the DAIS processing (ind MIX
interface ttmnctional group.

12
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2.3 DAIS SOFTWARE

The DAIS software configuration consists of mission software
and a set of nonreal time support software. Each is explained in
the following subsections.

2.3.1 Mission Software

Mission software consists of the operational flight program

(OFP) and the operational test program (OTP). The OTP provides
readiness testing on the flightline to insure that the processors, the
MUX bus, and the sensors are functioning properly. The cost estimating
relationships (described in Section 5.1.3.5 in the supplement to this
volume) treat software investment as system-level integration of
off-the-shelf packages. Software support (described in Section 5.2.2.7
in the supplement) covers maintenance (correction of deficiencies)
but no enhancement modifications.

The OFP is divided into executive software rnd appl icat ions C
software. The OFP executive software consists of a single master
executive and a local executive in each processor. These executive
routines provide system services used by the applications software.
In the DAIS architecture, the executive software has been allocated
functions concerning system state bookkeeping and communications.
Aspects of the OFP that are mission and configuration dependent
are implemented in the applications software.

DAIS executive tables are specialized for a particular mission
through the use of the Partitioning, Analyzing, and Link Editing
Facility (PALEFAC) support software. The PALEFAC extracts the
information from statements in the applications software. Thus, if
a DAIS were to be implemented for a mid-1980s close-air-support (CAS)
aircraft, the mission software development effort could focus on
the applications software requirements. It would not be necessary
to redevelop the executive requirements. In fact, the DAIS executive
is already under study for potential application in current aircraft
design efforts.

The DAIS OFP application software architecture is n partitioning
of functions that integrate the aircraft sensors, controls, and displays
with mission-related tasks. Application software elements (re:

System Control Modules

Six modules responsible for initializing and controlling the
applications software.

1. Master Sequencer - Initiates other contrnl ruodIv.

2. (onfiguirator - Controls operntions (it other proqiroms.



3. Request Processor - Interprets pilot inputs from the panel
MMP, IMFK, and MFK.

4. Subsystem Status Monitor - Monitors status of equipment.

5. IMFK Handler

6. MFK Handler

Operational Sequencers (OPS)

Responsible for operational status of each independent mission
phase (,, ch as pre-flight, takeoff/climb, and weapon delivery).

Specialist Functions (SPEC)

Supporting functions required by on OPS or by the pilot. Brute
Force SPECs provide pilot control over operations not available
in the current OPS. Computational SPECs perform utility compu-
tations required throughout most mission phases.

Equipment Processes (EOUIPs)

Interface between software, sensors, and controls. EQUIPs
provide the specifics of equipment communication and isolate
the effects of changes in equipment with the same function.

Display Processes (DISPs)

Control cockpit displays.

2.3.2 Honreal Time Support Software

Figure 2.9 provides an overview of nonreal time software
facilities. The most important software elements in these facilities
(ire the JOVIAL compiler, the Software Design and Verification System
(SDVS), and the PALEFAC. Because the JOVIAL J73/1 higher order
language has become a tJSAF standard, the DAIS JOVIAL compiler
should find wide application in LSAF software development. The
SDVS is a generalized facility which could be applied to development
and maintenance of any OFP. The PALEFAC provides nn automated
means of generating bus control and exectiive data tables. It may
be considered (in integral p(art of the DAIS mission sottware exect yive.

All support ,oftwnre, both nonreal time and real-time has teen written
in higher order languaifles (primarily J(VIAL nnd Fol TRA(TI) and
nre ronstrcted to be portable or capable of being hosted on another
cornp ,ter system. It shoild be noted that stipport software and f icil tie
nre a reqfii rement tar Yiritvnon(-'- ut o tiv 1 ) .. whether or not th,-v

ore ocq ired (tarinq the dkevelolrm eni Nt hse.



Language Translation Facilities

" JOVIAL Compiler (HBC or DEC-10)
" FORTRAN Compiler
• DEC-10 Assembler
* HBC Assembler

File Management Facilities

* Data Base Management
- Source Code
- Object Code
- Test Data
- Scenario

" Library Management
* Configuration Management

- Status Accounting
- Version Control
- Change Control

Simulation Facilities

* Interpretive Computer Simulation
* Statement Level Simulation
* Data Bus Simulation
" Environment Simulation
* MS Function Simulation

Load Module Preparation Facilitaies

" Linkage Editor
" Loader
" MS Partitioning Support

- Bus Traffic Analysis
- Real-Time Usage
- Core Allocation

Man Machine Interface Facilities

* SDVS Control Language Processor
* Simulation Control/Sequencing
* Output Preparation

Figire 2.9 - lonreal time sipport softwarp.
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2.4 N )ON-DAIS SOFTWARE

The parameters describing the software requirments for a
current non-DAIS configuration were taken from the A-7D/E navigation
and weapon delivery system. Table 2.1 shows the size of the software
package. This package was chosen as representative of current non-DAIS
software in that:

1. It is monolithic as opposed to modular for DAIS;

2. Each function is performed by sections of coding occurring
throughout the program making enhancement or modification
difficult;

3. A larger percentage of memory is used (99.5 percent non-DAIS
versus 63 percent DAIS); and,

4. The configuration and mission is similar to that defined for
the mid-1980s DAIS design. (The software satisfies the same
general set of requirements but has fewer specific functions
due to a different architecture of partitioning.)

Table 2.1 - Non-DAIS (A-7D/E) Software Sizing.

Memory (16 bit words)

Function Instruction Dnta Total

Navigation (I) 3440 570 4010
Weapon Delivery (I) 3690 520 42 10
Radar Processing (I) 490 491
System Overhead 3710 510 4220
Modifications
(including PAVE PENrY) -3000)

15930

(I) includes display processing fn-tions.
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Ill. LIFE CYCLL COST IMPACT MODEL (LCCIM)

An LCC impact modeling system was developed within the
DAIS LCC study specifically for use in the comparison of system
design/support alternatives. The impact analysis of a concept such
as the DAIS (as opposed to a specific piece of hardware/software)
requires a capability for extended visibility into the operation and
support environment in which it will be used. This demands an analytic
procedure which considers the interactions and constraints of the
concept and its application. The LCCIM presents such a procedure
by combining both separate models and a methodology for their use
and data support.

Existing LCC tools fall short in terms of their ability to approach
the assessment of LCC in a comprehensive and systematic way which
leads a user from a specification of design/support conditions to
the cost impact requirements they generate. Almost all LCC models
(including the LCCIM), apply cost factors to given resource utilization
estimates, calculate the expected values of cost elements, and aggregate
those elements to produce an estimate of LCC. The LCCIM
however, exceeds these capabilities by incorporating a unique methodology
for system operation and support (O&S) requirements estimation which
makes its LCC results more a product of analysis than of estimation.
This is an important feature because, while existent LCC models
depend on input estimates, the LCCIM can analytically generate
the input requirements of a number of cost assessment components.

3.1 THE LCCIM MODELIrIG SYSTEM

The approach taken wiih the LCCIM was to include analytic
techniques and procedures in the system which are needed to accomplish
the modeling system objectives. The highest level objective of the
modeling system (as depicted in Figure 3.1) is for the designer, or
manager, to use the LCCIM to make cost ind requiirements impact
estimates the basis for selecting between alternatives which influience
system design, manpower, and logistics characteristics. That overall
objective function can be stated as follows: minimize L C( sibject
to the specified constraint on equipment availailitv. ai,.en that the
equipment satisfies perforrMance reai~ remerits of the solected operlitionai
and logistic scenarios. The iterative list of this objective f 'nction
in closing the loop in Figure 3.1 will caise the weapon system character-
istics to converge to their most cost-effective vail'es. In this st 'dy.

4This section provides a hrief discl :son ofi at ) l ('( V' us it afpplieI

to this sti dy. I or a rnore nnplet d(tainl1.! dleription at the.
L('CIM. refer to other availabl1e reports (I.' . Flole that a' mawrs
en, lasa- In ,(1iiire ri-es indicaite refe-rfrin t- 1,ttel at the cml
of thi,, retmort.)

.) 'i



CL

mo

00

2E E
(D 0

8) >

go o

E.. 0 u

w CL !:T

CM M

in~



the modeling system was used to make a comparative analysis of
a DAIS versus a conventional configured aircraft weapon system,
each of which are described in Section II.

The analytic techniques, procedures, and models which constitute
the LCCIM modeling system are shown in Figure 3.2. This application
of the LCCIM involved a functional analysis and a maintenance analysis
(refer to Figure 3.2). The functional analysis identified a baseline set
of equipment which functionally satisfied CAS mission requirements
by employing a combination of existing equipment nnd new DAIS
technologies. Comparable equipment currently existing in the DoD
inventory was selected as the non-DAIS reference for the DAIS baseline
set of equipment. Operational and logistic scenarios to be used in the
analyses were also defined to complete the set of given conditions
for exercising the LCCIM.

The maintenance analysis determined how reference values
for resource utilization parameters must be modifed to reflect design,
manpower, and logistics concept changes. It depicted the sequences
of maintenance events in action networks which incorporated average
values for the probability of occurrence and the resource utilization
associated with each event. Resource utilization parameters included
skill category, skill level, crew size, event duration, and support
equipment required for each event. To generate DAIS baseline values
for parameters in the maintenance networks, actual field data on
the non-DAIS reference equipment was collected and modified to
reflect the effect of DAIS design differences. In addition to accounting
for design differences, network parameters were modified to reflect
anticipated changes in maintenance, manpower, training, and technical
documentation concepts resulting from the DAIS design.

The computerized portion of the LCCIM process is comprised
of three separate models:

Reliability and Maintainability Model
Cost Model
Training Requirements Analysis Model (TRAMOD)

Briefly, the TRAMOD was used to determine a baseline training
program based on skill and knowledge requirements. The combined
Reliability, Maintainability, and Cost Model (RMCM) aggregated resource
utilization and applied cost factors to all cost elements so that
comparable LCC estimates could be generated for each alternative
conf igurat ion.

3.2 THE RIFLIAI31LITY, MAIl"ITAIARILITY, AJD C(OST MODI L
(RMCM)

lhe iMCMN portion of the LCCIM is o comp)titer projrin
which functions in an interaictive mode. stupplemented with hi hatch
print c pability. It operates in con)iinction with a Iotai hank contlininql
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historical reliability and maintenance data gathered from operational
systems. This data is made relevant to new systems by factpring
historical data on the basis of the functional and maintenas'ce analyses.
Inputs to the RMCM include the frequency of maintenance actions
by subsystem and line replaceable unit (LRU) for both aircraft and
support equipment (SE); and data concerning the task e~ents within
each maintenance action (such as type, probability of occurrence,
average time to complete, manpower type and skill requirements,
and SE requirements). The model uses these inputs to compute the
manhour resources and spares used to satisfy the maintenance require-
ments of each subsystem and its LRUs for both tlightline and shop
actions. The Cost Model portion of the RMCM is an analytical accounting
cost model which computes the LCC of a proposed system in this
structured and systematic way.

Within this study, the RMCM aggregated resource utilization
depicted in the R&M networks by LRU, subsystem. and system for
use as input to the cost equations. It also identified high resource
drivers and measured effectiveness in terms of equipment availability.
Using existing courses as references, skill, and knowledge requirements
for each maintenance event were simultaneously evaluated through
the Training Requirements Analysis Model (TRAMOD), for the purpose
of generating baseline training program data (such as course length
and course cost) for use by the RMCM. Detailed cost factors were
applied to resources utilized and to the training programs. More general
factors were applied to all other cost elements to compare the two
avionics configurations using total LCC estimates. (The batch print
outputs used in this LCC comparison study are contained in Sections I
and II of the supplement of this report.)

3.2.1 Cost Equations of the RMCM

The DAIS LCC analysis covers all five major life cycle phases
of a weapon system: conceptual, validation, full-scale development,
production, and deployment. When applicable, a sixth phase (disposal)
can be included in the life cycle but was not relevant to this study.
All research and development takes place during the first three phases
(conceptual, validation, and full-scale development). System and support
investment costs occur during the production phase. The recurring
operating and support costs are incurred during the deployment phase.
With this in mind, a hierarchical structure was chosen to catalog
the principal cost cate, ories, ;uhcategorius, and elements aisso i;itd
with these phases that c onst i tutLe tot a I MC of a weapon sv, t em

(refer to Figure 3.3).

The cost Plement strictlre of the Cost .Model portion ot the
f ,MCM 'mnd its ,mssocintod da)ta hose were desiqined to simolif tind
exp-dite the identirication ot ",yste m Cost driver,.. (For exaimple,.
nonrecurrinq cost elf-ments haiv, been isolnted fromn rectirrinmi (ot
,lements. ,o that the L( " irnt),i at em h ca(n he clearlv ilentitie,1.)
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The principal cost categories with their subcategories are:

Cost Category Subcategory

Nonrecurring Costs Cost of research and development (R&D),
system investment cost, and support invest
ment cost (the initial one-time developmen;
and investment costs).

Recurring Costs Annual operation and support costs.

Final Disposal Costs Gains or losses from disposal

The cost subcategories consist of cost elements. The Cost
Model addresses 23 elements reflecting the development, produ-tioni,
operation, and support costs. The cost equations contained in the
Cost Model are adaptations of the Air Force Logistics Command's
Logistics Support Cost Model (using similar cost term definitions).
An explanation of the individual cost elements, including the equations
used to compute the elements, is presented in Section V of the supple-
ment to this volume.

3.2.2 Application of the RMCM Computer Program

Given a data base for a specific equipment configuration,
the interactive RMCM program can perform the following types
of analysis and functions.

R&M Computation Determines resource utilization. R&,M input
values can be adjusted (perturbed) for trade-off
analysis and sensitivity investigations.

Cost Computations Applies cost factors to the results to determine
LCC.

R&M Perturbation The user may change the values of any of
the R&M input variables nnd/or any results
from the R&M computations performed by
the RMCM.

Cost Perturbation The user may change the values of any of
the cost input variables. These pertuirbations
of the R. M. or cost par(lmeters crn be accorn-
plished throuqgh either (I) percentnge f(actor,
(2) a bias ( valuje), or a rel)lcernent valtiu.

Ouitput (-,neration RMCM ouqtput data reqtjird tur the ,'hr's
spe )ciic ne ds a re pre sented ,in)111tnaneoijsJv
aind (ire diret tv comp a raiblh ,,in the inttru tiVi
roitine.



Also, generated cost output is stored in a special file and may be
identified for use in generating processed data reports through the
RMCM botch program. The following such reports are available.*

Output Report
Number Title

I System Cost
2 Expanded Nonrecurring Costs
3 Expanded Recurring Costs
4 Costs by Subsystem Contributions
5 Costs by LRU Contributions
6 Reliability, Maintainability, and Availability

by Subsystem
7 Manhour Costs per Year by AFSCs and

Subsystem Supported
8a Spares Requirement - Investment
8b Spares Requirement - Replacement
9 Support Equipment Requirements/Cost

10 Cost of Training

3.2.3 RMCM Data Sources

When applying the RMCM, the accuracy of the estimate will
depend on the source of data. In actual applications, such as this
study, the user can expect the estimate to increase in accuracy
for a specific system as input data matures from theoretical data
to actual field data. The structure of the RMCM facilitates the
interactive changing of input data, data updating, and output data
iteration. This capability allows LCCIM to be applied continually
throughout acquisition up to and including the deployment phase. Due
to the speed with which alternatives can be considered and their
impact on LCC can be estimated, this capability also expedites the
evaluation of trade-offs within a specific configuration.

The RMCM requires a data base that contains two dotn
banks. (ne data bank is for the R&M parameter data. The other
is for the cost parameter data. The information needed to prepare
these data banks can be found in the R&M Model Users Guide [3],
and the RMCM Users Guide [I].

Fouer data banks files, two for cost data and two for R&M
data were developed for this comparison st,jdy. One pair provides
cost and R&M data for a conventional baseline CAS avionics conceptual

*A complete set of these output reports, for the conventional and

the DAIS avionic s runt iguirat ion, is provided in Svction- I and II
of the supplement to this volune. The fHMtCM restlts of the muble(t
analysis are stirnfrmri zed in Section IV.
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design configuration. The second pair provides data for a rnid-1980s
DAIS CAS avionics conceptual configuration (tW MNCM compUter
program, time frame, and equipment configuration). For a new weapoi
system, scenario-related information of this type can usually be found
in the required operational capability (ROC) document during the
conceptual phase of system development. For this stidy, the following
scenario was selected as a common basis for comparing the two
avionics configurations.

A. System Mission
* CAS functions
0 I wing, 72 aircraft
* I base located within CONUS
* 30/60 (peacetime/contingency) flying hours per aircraft

per month
B. System Design

" All subsystems completely designed (R&D cost includes
only the system-level integration)

* An instantaneous acquisition (off the shelf)
* Life cycle of 15 years (planned inventory usage period)

N No further inherent reliability growth to be expected

3.3 ASSUMPTIONS AND CONSTRAIHTS APPLIED IN THIS STUDY

The maintenance and support policy for any avionics configuration
must consider the integrated resource requirements for training,
maintenance manuals, spares, manpower, and SE which support the
avionics equipment to be used. The complex interrelationships program
was exercised separately for each pair of data files to compare
the two avionics configurations. These data bank files consist of
three basic data value types.

I. Standard values
2. Estimated values based on historical comparisons or

estimating relationships
3. Scenario constant values

References for each source of the above RMCM data are
provided, by data element values, in the appendix of [I] and are
discussed in the following paragraphs. Some of these values are repeated
for pertinent data in Section V (and in Section V of the supplement)
in support of the explanation of cost equations.

Standard values were obtained from government soturces. They
(ire usually developed by government agencies from historical cost-
nacotinting information or special studies. Examples of the sources
,sed in the (Iata collection for this study are given below. They
consist of gjovernment documents and approved models.

Al R 17 3-1)
AIM 26-3
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5. The maintenance aids requirements of the individual units
and the technicians who use them.

Current avionics equipment, with its digital integrated circuitry.
is more difficult to repair at the component level in the shop. This
is due to the technical skills and the sophisticated testing and repoiring
equipments required. Therefore, it is intended that subsystem repair
be achieved on the flightline through LRU removal and replacement
act ions and in the shop through modular SRU removal and replacement
aictions.Module repair will be performed by the depc! or factory
and module fault isolation will be performed in the shop with the
aid of the automatic or semiautomatic test stations for the DAIS
avionics. These capabilities, however, are independent of the DAIS
concept and, in manny cases, are inherent in present day manintenaonce
philosophy. The basic equipment R&M parameter values obtained
fromn tield daita are aissumned to reflect this aipproaich.

Decisions regarding changes in the maiintenaince porameters
had to he based on actual conditions (such as those exhibited by
present subsystems of compranble design) while maintaining other
param~eters conistant. The LCCIM is able to represent these real
world conditions from which the daita was obtained and yet isolaite
other paramyeters. However, certain assumptions nd constraints inherent
In the RMCM projramy do affect the results of this study and mist
be considered in their nal-ysis.

A. The model considers a i tornm level ot sYstem (airc-ratt) aictivi tv
(stwsh as f lying hours) ait each operating base.

I. T he spores stock ievel I nd pipeline junitities fire corfpiteaI
to 'a ippor t the peak level of systemn activity (,wt h (ins the pt ink
base flying) houjrs (PIPH), raither thain anly increintnl h ilip).

C. The cost model comnpttes aIll loistics siupport costs, .i%-,ico ted
with the weaipon svsteriri, isstin and LF? I Irtent' ir- levtil.

1. Three levels ot re-p(iirs (f--c-,)sive ot korv'n1,riat ion) 'Ire aisii o ' Idctn
I1) on-eqmnpment repair ait hbase level, I(2) repaN~ir it the inttr-

mediate innintena-n('e ac(tivity (IMA) of) Itt,. and (i) repa,,ir
ait the deoct.

I Air htinses or,- issiiiit-de ton he glen ti il x Ith N i t toa i ti
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H. Inventories of spare LRUs are assumed to be located at each
of the bases, consistent with the demand rate for LRUs at
the bases and the variable depot-to-site resupply time interval.

A representative transportation cost average for overseas and
for CONUS sites is employed for the LRU depot repairs.

J. The relationship established for determining the required quantities
of shop SE assumes the rnean SE usage times as being eqtal
to the mean time to repair.

K. Maintenance personnel at the various bases require the saiTne
types of skill and consequently need the same training. (This
assumption is not germane to this study because only one
base was used when evalinating each of the two aircraft r-onfiq,ra-

tions compared.)

L. The contractor trains an initial Air Force cadre who in t,,rri
trains nil maintenance personnel. Initial training is considered
to be completed in or before the first year at system ot erntion.
Recurring training costs for organizationil nd IMA pe-r.onn ,e
are based on average turnover rates for each At ,("C

,'i. Software maintenance is performed only at depot Ievel, wherelhv
a focal point for ill software ma inttnaf'- is aiss'med for
the entire DAIS or non-DAI cont iqi)rat ions (even It t-i h sith-
system should have a different HOL).

IL There are no speciol provisions for -omp'itIng the osts ot
nonrMaintenani-e 5l pport personnel (ind their ipporf tacilit ies
(stich (is barracks, heat. ir l( tood). ilthoi Ih thev ( (n e p 1it
ts ,o singje term.

t). All cost dloto ore in or nstart-, eir dollirs. However, there
it, an apt ion avai hle which tuodithie rue ilrr to1j cost oii i ts

is ,I tI in tion of average inflation raite.

T he redilhilit v )ir iritetpr init u t t Ic itti I ss irf, hise
i) rI W(Itn ftI it-h t -hot ir s b t ween i,iIn t fe ) ni n e itti(f ha I, 1- ' A A).

These n iritenarem a( tions i l,ide: (,i) (ir not d(,ipliorte isit r

It Vil)) , tions hath for on-e, ipotent un in-,hop Li I r , n i.

to the N)oIp tar rew)(lir: ( ti) ritnor i~iinuat (-inr,. a (i t.iorn , f "

ItI the t i;ht line': ant. I ) r rnovO -,Il)I- rnd i-n , l. ) , to,),).

tIi, it ;r, i i l)weil i1v ret)citr In th h i uho) ir A ,! ,#-t 
t . 

(I u .h

',"'ti ' i t) t ,. t'i: -i e r I t to t i I l e t if ) In r, r ,

f , t ' i t i i )re ' i r I I ii " , .

!it I' t.t .i I .



R. Maintenance labor costs at the depot are contained in the
average cost per depot repair of an LRU.

S. The DAIS design, when compared to the non-DAIS design,
incorporates increased use of digital circuits, electronics integra-
tion on a larger scale, and an increase in modular standardization.
This would allow the maintenance concept to be modified
accordingly. For instaince, on-equipment SRU repair and an
associated two-level maintenance concept (organizational to
depot) could be attempted. For this study, however, only the
basic on-board test capability of the DAIS was considered.

The main technical features of the DAIS suite are the integration
of sensor controls and displays, and the central processing
of sensor outputs through the multiplex bus. This structure
permits the use of an on-board central integrated test system
(CITS) for monitoring sensor degradation and/or failure. The
CITS combines the individual subsystem Built-In-Test Equipment
(BITE) outputs with additional diagnostic tests on a time-shared
basis and displays the various subsystem operating conditions.
Malfunctions to the LRU level will be presented, thereby aiding
flightline maintenance by improving troubleshooting decisions.
This includes decreasing the number of cannot duplicate discrepancy
reports and the number of removals that become shop retest
okays.

T. The implementation of DAIS will be attended by an upgrading
of support equipment. Many of the current individual special
test sets and general purpose test equipments will be integrated
into single test stations for one or more subsystems. Usually
these test stations will be automated to some degree, reducing
the complexity of the man/machine interface. Even in the
manual test stations, personnel requirements will be reduced
by uJse of permanent interconnections and switch mtrices
for initiating various functional tests. Six shop test stations,
similar to those u)sed for F-I5 avionics testing. have been
assumed for DAIS.

IJ. One of the current Air Force concerns regarding manpower
is that overall reading level capability is decreasing although
motivation remains high among recent recrits. Since techninl
orders (or maintenance rmianutals) are an important and necessary
aid to avionics maintenance, the followinq qidelines we-re
established regarding man, ial content ind ise. The existinq
conventional type of technic (l r anlsrll will he rerPl c-ed hv
procediraflized loh at'ide, tor ise with the raid-l'I ,  s [)At(
conceptwal application be('lse i:(Ia) the fgrowiruj trend toward
job guide ,Iti iation as ai taindnrid pr irt e in the mid-I HIts.
and (h) the standardization (nnd modfilarity , in t" of the I)Al',

onuept wh 11 w I proi q aainttuan(t, -nvirnnmnent hlujhlv

on0(jm Civf! to t h#. Il TJle'untri tir of t he froi f(II 're i1pd ailas:



for example, reductions in maintenance complexity (remove
and replace versus repair) and in personnel skill requirements
because of improved diagnostic equipment.

V. Existing training courses were used as a baseline for both
nor,-DAIS and DAIS maintenance technicians. Course material
was matched to the tasks to be performed. Curricula were
revised to complement the proceduralized aid for technicians
maintaining the DAIS avionics. Discussions of the reasons for
recommending revised training curricula are presented in the
Training Model Technical Report [2].

Additional specific assumptions and their justifications are
presented in the relevant cost element discussion in Section IV if
this report and in Section V of the supplement to this report.

3;
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IV. IMPACT OF THE DAIS CONICEPT

This section will discuss the impact of the DAIS concept on
LCC. It will provide:

I. A summary of the RMCM output for the DAIS and non-DAIS
configurations. (The actual RMCM outputs for DAIS and non-DAIS
may be found in Sections I and II, respectively, in the supplement
to this report.)

2. A brief description of the cost categories, subcategories, and
elements involved in the LCC computation. Each description
will be confined to a definition of the term and percentage
of cost decrease/increase attributable to the DAIS. (Detailed
descriptions of each cost term including LCC equations. sources
of data, and special considerations may be found in Section
V of the supplement to this report.)

3. A discussion of four influences on LCC (standardization and
retrofit, inflation, and learning curve effect) which should be
considered when making any LCC comparison.

4.1 LIFE CYCLE COST

To assess the impact of the DAIS concept, LCC was calculated
for a mid-1980s DAIS aInd a non-DAIS aviionics configuration ai)propriote
for a CAS mission. Calculations (ire based on 72 aircraft at one
base flying 25,920 hours annally over a 15-rear period. The specific
assumptions and guidelines relative to this calcuJlation were detail,,i
earlier in this report (Section 3.3).

Table 4.I presents an overview of the LCC cornp,ir se(l )f
the DAIS and non-DAIS avionics configurations. Cost and per,
of LCC are displayed for each cost subcategory. cest WI t.Or,,
and percent differences between DAIS and non-DAIS (with ,,-r- AI',
as the reference) are (1so shown. The percent differernic, w s '''n t:
using the equation:

"o difference (non-DAIS) - (DAIS)
(non-DAIS)

The Cost of Disposail categlory and (5 ,-ration Costs chcitf-(;orv t ,;,,, .
been set to zero for purposes of simjJific(ition (to be disc',s<'n(i a(iter
in this section).

At the total L-C level, it is shown in Talc, '4.1 thuit tho,
[DAIS contigureition tws (n "il I,061,tll() idv( lntce(i ' aver the, n)ii-),I
confirguration for the i,/.n rn~irf0. I rrtIiernor-, the, f ust ( i-, i t ln
difference I etwetn I)AIS eind non-DAl' 11, in thf, '., ri ( wsi

,iihcrlteif, ry wher,, it is e!ppairent theit I)AI') woldl ,mt " I,2i )'. itI
less thain the non-I)Al<i over i I,-veer lf'plovriwnt 1wrinl1, io,.-yt-.'fr,



N
+

-U+~0 (0 Ln 0 0

cn N 0

4M

N N Nt r% ((
to U0 (0

Ila
CLN

E

Q

00

-00

0 N

0E

- C L
CL 0

0.

u u -L

12



this advantage tends to be offset by the DAIS cost increase of
$22,570,000 in the System Investment subcategory (which represents
the initial buy of avionics equipment for 72 aircraft).

4.2 NONRECURRING COSTS

The Nonrecurring Costs category is defined as the one-time
costs normally associated with weapon system acquisition. Table 4.2
summarizes the Nonrecurring Costs for both DAIS and non-DAIS.
A $22,147,000 advantage in favor of the non-DAIS configuration
is shown. Although this difference is primarily due to the System
Investment element, further differences within the Support Investment
element, further differences within the Support Investment subcategory
are nevertheless significant. Specitically, there are significant DAIS-
related advantages in Voth the Initial Spares and Software Acquisition
elements. However, both of these cost decreases are offset by the
DAIS-related cost increases in the R&D subcategory, Field Support
Equipment Acquisition and Depot Support Equipment Acquisition elements,
and Maintenance Manual Acquisition.

The following subsections will describe each of the cost sub-
categories and elements associated with the Nonrecurring Costs category.
They will also indicate the percentage increase/decrease in LCC
attributable to the DAIS concept.

4.2.1 Cost of Research and Development

The R&D category includes all costs associated with the research,
development, test, and evaluation of the weapon system. Specifically,
this covers all system-level costs charged to a fully-developed subsystem
during the validation and full scale development phases of the weapon
system. It would include costs for system-level engineering design,
development, fabrication, assembly, test, evaluation, and documentation.
Costs are incurred in this subcategory until satisfactory completion
of the initial operational test and evaluation, and the subsequent
government approval for service use. The DAIS configuration estimation
indicated a 16.3 percent increase ($870,000) in costs of R&D.

4.2.2 System Investment Costs

The System Investment Costs subcategory is defined as hardware
procurement costs and program/project management costs. The cost
element of Procurement covers only production hardware and includes
unit cost, installation cost, and integration cost. The element of
Program/Project Management includes technical and administrative
planning, organizing, directing, coordinating, controlling, and (ipprovina.

Although the Procurement cost element was readily qm antified
in this study, the Progrnm/Project Management cost was set to z-ro
becnuse of a I(ck of adeqmate inforrnation. As a restult, the DAIS
config ration has a 3.3 percent ($ 22,57(),0( WI) higher Sv,t(,m Investment

'H t)
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cost. This increase is attributable to the higher unit cost for the
DAIS equipment relative to the LRUs they are replacing. Unit costs
of conventional avionics hardware are based on mature systems which
may represent reduced costs due to quantity buys, whereas the DAIS
hardware reflects cost values based on limited buys to date. Furthermore,
there is more redundancy in the DAIS configuration.

This redundancy offers the advantage of increased operational
capability and readiness. It also ensures that the capability and space
allocation will accommodate any future growth of the DAIS to satisfy
additional system requirements. The memory capacity of the four
DAIS processors is only 63 percent utilized as compared with the
memory capacity of the non-DAIS computer being exceeded for a
comparable capability. Since only three processors and BCIUs are
required at this time, the DAIS cost estimate is higher than it need
be. No adjustment has been made to the DAIS cost for any improved
operational capability and readiness.

4.2.3 Support Investment Costs

The subcategory of Support Investment Costs includes all costs
associated with supplying logistics support requirements for a weapon
system. These costs reflect the initial investment for necessary supplies
and services to support a new weapon system. The 2.1 percent
($1,293,000) decrease in the Support Investment Costs subcategory
for a DAIS configuration (shown previously in Table 4.1) was subdivided
into eight cost elements in Tab,. 4.2. These cost elements are:

Cost of Initial Maintenance Training

Costs incurred in setting up a training program. This element
was set to zero in the model.

Cost of Spares Investment

Costs associated with three types of spares: (I) LRUs and
SRUs, (2) piece-parts and material, and (3) war reserve materials.
The calculations indicate that the DAIS configuration would
result in a 14.4 percent cost decrease ($2,412,000) in this
element. War reserve material was ignored since it would
be essentially equal for either configuration. This significant
lower spares cost is attributable to the reduction in the numher
of spares required because of the improvement in reli(abilitv
of the DAIS core units in relation to the conventional LIJ !s
they replace for accomplishing the same fuinctions.

Cost of Depot Support Initial

The initial investment costs of the egq,,iptnent perc,,linr ond
(IssoaClted (omTirron stpport e g'ipment with the ov, rhoi I tit,,rv i
req jired to s5lpply the depot overho, mnd repoir t e.. The

4,2



DAIS configuration results in a 6.6 percent higher cost ($t,460,000)
in this element. This higher cost value for the DAIS SE require-
ments was caused by treating the non-DAIS LRU test stations
as sunk costs since they would already be located at the depots.
A cost of $11,000,000 would have been added to the conventional
avionics depot SE if the non-DAIS LRU test stations had been
included.

Cost of Support Equipment Initial

Costs associated with the initial investment for base level
SE. The DAIS configuration would result in a 17.6 percent
higher cost of $2,646,000 for this element. This difference
results from the higher unit costs of the DAIS test stations.

Cost of Software Acquisition

Costs associated with software development personnel costs
and associated computer operation costs. The DAIS configuration
would result in a 62.4 percent less cost ($3,320,000) in this
element. The lower cost for development of the DAIS operational
and support software results from the increased productivity
that is attributable to the use of a HOL and a standardized
architecture. The development of support software for a non-DAIS
configuration comparable to that developed for the DAIS accounts
for most of this cost element.

Cost of Maintenance Manuals

The cost of maintenance manuals required for organizational
(flightline) and intermediate (shop) level maintenance. The
DAIS configuration would result in a 18.4 percent higher cost
($326,000) for this element. This higher cost results primarily
from the assumption that the DAIS will use newer proceduralized
manuals which cost more per page.

Cost of Inventory Management Initial

Costs associated with the stocking, control, and supply of
spare parts. The DAIS configuration would result in n 14)
percent higher cost ($7,000) for this element. This higher cost
of DAIS is attributable to the new SRtJs introduced. The cost
wlue is insignificant in respect to other cost elements, however.

Cost of tJew or Additional Facilities

Costs associated with the construction, conversion, or expnnsion
of any necessary facilities required to house or support the
various services noeded by n new wenpon system. This e-lhment
was set to zero.

'43
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4.3 RECURRING COSTS

The Recurring Costs category includes costs generated during
the operation and support phase of the weapon systems life cycle.
Table 4.3 summarizes the Recurring Costs for both DAIS and non-DAL.
The $33,208,000 advantage of DAIS over the non-DAIS is significant.
It represents 27.3 percent savings over the 15-year usage period.

Table 4.3 indicates that although certain cost elements have
a considerable impact on the overall LCC, they are partially offset
by other cost elements. For example, the large reductions in cost
for DAIS are contributed by the cost elements of On-Equipment
Maintenance, Intermediate Maintenance, Personnel Training, Replacement
Spares, Depot Maintenance, and Software Support. These elements
provide a DAIS cost savings of $35,483,000. This savings is slightly
offset, however, by the $2,272,000 higher cost contributed by the
base level SE, Maintenance Manuals, and Inventory Management cost
elements.

The following subsections will describe each of the cost sub- t
categories and elements associated with the Recurring Cost category.
They also indicate the percentage increase/decrease in LCC attributable
to the DAIS configuration with the actual dollar difference.

4.3.1 Operation Costs

The Operation Costs subcategory consists of two principol
cost elements: Operations Personnel (including aircrew) and Fuel.
These two cost elements are independent of the avionics configuration
(in this scenario) and have been set to zero for this DAIS/non-DA!S
comparison.

4.3.2 Support Costs

The subcategory of Support Costs inclhbde- the cost of personnel,
equipment, spares, materials, and suipplies needed to support the
deployed units. The type of support reqiiird 1y the weapon system
includes organizationnl level maintenance personnel and equipment,
as well as fiilly-equipped and staffed interrmediate (nd depot level
maintenance facilities. SuJpport (osts include the following nine cost
elements.

Cost of On-F quipinent Ma intennrwn

The costs of mlnpower and material n w0-dem to perfiorm the
organi/ational level fliqhtlino schediled rmd i '-l fed miinte-
wance on .init oircraft. The ()A(') c-nnfiq~irution would rc;.o It
in a T'.2 p(er ent less c-nOt ($ 1 3.129.!!Th) in this elelnent. l
low-r inst is (ittribit ahl- to the ret e l r'inonunt P h ', r
per fliqtt-howir (MNMiH/f H) re(lIiire, tor l)AI1 , broilht ,'nt
)v the irT1)rovo,' r,,li1i)ilitv ,n th , 's oh t r',I .l tf l ir, eqri tf,.'

tf-st s'/st(iui (lI '1 r')iltiuui fromii th- )iAl') ir' hiti'(



Cost of Intermediate Shop Maintenance

The costs of manpower and material needed to perform inter-
mediate shop maintenance. This includes manpower to accomplish
SE repair. The DAIS configuration would result in n 36.4 percent
lower cost ($8,432,000) in this element. The reduced MMH/FH
is due to the employment of a central integrated test system
(CITS) and a consolidated SE.

Cost of Maintenance Personnel Training

Costs associated with training the initial work force of organiza-
tional and intermediate level maintenance personnel, and the
annual cost of training their replacements. The DAIS configuration
would result ;n a 36.7 percent lower cost ($4,822,000) for
this element, directly attributable to the reduced manpower
and associated skill levels required for DAIS flightline trouble-
shooting due to improved diagnostic capability. This same
diagnostic capability, inherent in a central integrated test
system, also reduces the number of false failure indications.

Cost of Replacement Spares

The annual costs of replacing condemned LRU and SRU spares
in the shop and depot pipeline. The DAIS configuration would
result in a 12.5 percent less cost ($1,480,000) in this element.
The reduction in spares is due to the improved reliability
of the DAIS core equipment over the units they replace.

Cost of Depot Repair

The recurring depot cost of repairing LRUs and SRIJs by sub-
system, including their shipping costs. The DAIS configuration
would result in 1 17.7 percent lower cost ($5,968,000) for
this element, attributable to the improved aggregated reliability
in the DAIS core element LRUs over the conventional LRt s
they replace.

Cost of Maintaining Support Equipment

The annual costs of the peculiar avionics shop SF knschedued
maintenance excludinI manpower costs. The DAIS cnnti Ilrution
has a 23.7 percent higher cost ($1, 603.((0) for this elunment.
This higher cost is n direct restl of the hioher prociremnie t
cost for the more complex bose level I AIS (,i . This v(;,, .
reflects the higher cost of reploc umufnt si( 'mres u fs)d n,
proportion of that cost.



Cost of Software Support

The costs of labor and computer costs required to perform
software maintenance. The DAIS configuration would result
in a 29.1 percent less cost ($1,647,000) for this element, a
result of a reduction in the average manpower required for
the DAIS support. This reduction results from both the potfntinl
quality of the software initially delivered and the productivitv
factor attainable when using DAIS software.

Cost of Maintenance Manuals Support

The cost of supporting maintenance manuals incurred for ,updating,

improving, or correcting the manuals. The DAIS configuration
would result in a 18.4 percent higher cost ($367,000) in this

element, a direct result of the higher procurement cost of
the manual.

Cost of Inventory Management

The cost of managing the Air Force inventory of spore parts,
to support a weapon system. The DAIS configuration wouild
result in a 132.3 percent cost increase ($303,000) in this element

due to the introduction of new SRt)s for the DAIS.

4.4 COST OF SYSTEM DISPOSAL

The Cost of System Disposal category inclides tie ... as s

incurred, as well as any income derived from the terrantion of

a weapon system at the end of its economitc life. For -xirnplt-. these
costs would include salvage valuse costs si -ii (i "mothhill" storage.
The Cost of System Disposal category has be,', set to zro for this

study for pu~rposes of the DAIS impact an(ilys sie either :onfigurai ton

would have equal (negligible) cost valates.

!4.5 IMPACT OF STAfI DARDIZATI1 I

When generating the L(-(- cornp, it ,.on in this ',t,, lv. the- DAI'

ccncept was applied to a single rire rot t tvpe (nd (1 f ixed romileerT
of s'jbsystems. The full effect of the concept cnn he reaiized oniv
by extending its applicat ion throiqh stan(dardizntian ac ross nirarot
types and subsystemrs. The t 1 , u ii .. :tciiisi i 1- -, it t tvrmtc,

on a tirst-c it basis in this s(-( tion. This is not meaint to )e ,1 h':1
"Ini deiflitivf- evitioition o the, heretits oftorf., hv sti.na irdizrtiar

throlu h i [DAIS desin. other, it srve, is (in ,xaim ple ot tIl . ,ppr,),h I

to Iise. if) cord u tinq si' h) 1 stiliv.

'. '. I : -oferlirnq the I )Ali ur fcpts ruis Aircreit t T vpes

T he. ,tle i oft , ,,nvcT t i,mn l i]vi itil tor i t 1, new ift rItt

tyt)e terti Is to lf i ftViaw. mafviia~ lit t it) t'armul 1with I -r'

tHri raIt. 'iVt ,ttt r. l,ilitv , a , ! 1,(. , '-I !)v 1 tft.'., a ; ,l1V
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commonality into future acquisition cnd retrofit programs. For example.
standardization of DAIS core elements can significantly reduce the
net LCC impact of these future aircraft programs. To qi(antitativeiy
assess this possible savings, extension of the DAIS concept to additiornol
aircraft types is evaluated in this section on (n LCC basis '.inder
the following hypothetical conditions.

A new aircraft type has a mission that probably differs
from the CAS mission. Consequently, the avionics configuration
could also differ from the DAIS or non-DAIS baseline configura-
tions. However, it is assumed that the reliability. maintainability,
and cost parameter values for the new aircraft type are set
equal to baseline values. Using a non-DAIS baseline, avionics
for 72 aircraft of the added type would have the same LC"
as that for the 72 CAS aircraft. In the case of a DAIS baseline,
the DAIS core common to both aircraft types affects the
cost parameters shown in Table '4.4.

The parameter changes in Table 4.4 reflect the effect of
standardization of 28 LRIs across two aircraft types. The cost impact
of this specific example of standardization was cornpuited by the
RMCM model as shown in Table 4.5. Table 4.5 indicates that ai
$23,653,000 savings in LCC will be realized for the added DAIS
application. The major contributor to this savings is the $1 7,236.(l(tio
reduction due to standardization of depot SF (whereby the cost ot
DAIS depot SE procured to support LRUs contained in the baiselhi,
aircraft type is treated as a sunk cost).

An additional result of standardization is the learring ct'rye
effect defined as the productivity resulting from (in increase in
production quantity. Under this learning curve effect, the average
unit cost reduces to a certain percentage of its prior v(llje ench
time the amount of units to be produced is douibled.

CL' A . (pbP',

CP Unit cost for new production mnit.
A Unit cost of reference production lot.
P' Mew production lot size.
P Reference production lot size.
b rlegative exponent defininq slope at lo

linear learning curve.

The slope of the cirv is determined bv the tt' hnolo v, w' t ot
materials. use at capital. and lessons learned trarn the prior fexp(.riuu)lu.
I lsing the avionics Ind,'trv value f tin percent ia.irnin r
slope (such that (I',/A 0l.8S for '/') 2; thvrftore. b -.2 '). th
irllp( t of the, learning cturve effect ur) 'nit inst is showr iia ,ibc i.

-- t . . - . . .. . . . . I i . .. ... i - ii



Table! 4.4 -Effect of Standlardization &rn Cost Elements.

Perburbation of Rationale for
Original Value Perturbation

Noeurecurrisig

1. Research & 67 Of the 95 LRUs in the system, only
Development (CR0) C0the 56 sensors and the 11 core LRUs

that interface with those sensors need

any redesign
2. Procurement (CPP) lCi 0 for core Only sensor SRUs require integration

SIintegration Costs (IC) and new qualification testing

3. Depot Support iUse 213 of original Only the sensor SRUs will require
Equipment (CDRI) SE costs for SRU additional test stations The LRU test

repair, stations are now sunik costs. just as the

original non-DAIS was treated.

4. Software (CSWI) 0. 7 NW Only sensor and interface core
* No. of words (NW) i elements require new DAIS software

for OFP/OTP

5. Maintenance Manuals 10.7 C.JGI Only portions of the manuals
(CJGI1) i required for new LRUsSRUs need

___________________ development

6. Inventory Management PA =0 No new repairable SRUs required for
Initial (IM1) DAIS core.
e No. of repairable

SRUs (PA)

Recurring______ ___

7. Maintenance Manual 0.7 CJG The changes corrections required for
Support (CJG) DAIS core information will be

negligible as time goes on.

8. Personnel Training -- Course material changes for only
(CPT) portion of core, however, course lengths

were considered constant for both
configurations.



Table 4.5 -Impact of DAIS Application to ani Additional Aircraft Type,

Cost of Baseline Cost of Additional Cost
Impacted Aircraft Type Aircraft Type Impact
Cost Elements ($000) ($000) ($000)

Nuircrrm~g
e CRD 6,210 4,347 -1,863
* CPP 90,289 89,230 -1,059
* CDRI 23,636 6,400 -17,236

*CSWI 1,998 200 -1,798
*CJGI1 2.095 1,466 -628

0 CIMI 12 4 -8

Recurring.

* CJG 2.357 1,650 -707
* CIM 532 178 -354

A-LCC -23,653

4
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The procurement and spores cost per aircraft decreases with each
additional DAIS application. The net savings per aircraft that results
with each application to an additional aircraft type is also shown
in Table 4.6.

The common subsystem effect, as shown in Table 4.5, and
the learning curve effect in Table 4.6 are combined in Figure 4.1
to show the total effect of standardization on cost per aircraft as
n function of added aircraft types (72 aircraft of each type). These
two effects are shown separately because they are functions of different
parameters.

Investment in common DAIS subsystems can be considered
a fixed cost which can be shared across aircraft types. Consequently,
the reduction in LCC due to additional aircraft applications is a
function of the reliability, mr'intainability, and cost characteristics
of the common subsystems relative to the characteristics of the
total complement of subsystems. The learning curve effect tends
to be a function of the number of aircraft and the slope of the
learning curves.

4.5.2 Extending the DAIS Concept Across Subsystems

The extension of the DAIS concept across subsystems can
occur through a retrofit of the defined avionics. Retrofit is a change
in original design resulting in the deletion, substitution, or addition
of a subsystem. To study the impact of a retrofit, a new subsystem
was added to each avionics configuration. This added subsytem exhibits
the same reliability and maintainability characteristics as one selected
from the present configuration in that it consumes the average amount
of maintenance mnhou~rs (such as the VHF radio). Ilo existing equipment
or wiring needed to be removed to install this new system.

The impact of the addition of this subsystem on each LCC
element is shown in Table 4.7. The table indicates that the cost
of adding a subsystem is $1,5114,000 (41 percent) less for the DAIS
configuration. Savings occur in thi nonrecurring and the recuirring
cost elements. The rectrring cost elements in the non-DAIS confiig rntion.
however, dominated the increased costs required to support the new
subsystem.

It should be noted that no software requirement was charged
to the non-[)AIS conti( iration ec( iuse the new sensor was conside redI
to req tire only a switching mechanim. To make a cost comporison
for (i retrofit rivolving exten.,,ive softwnre change. consider the case
where ai new novig(i tion s(bhsyster ik added. The software regltir mi

for the noii-DAIS configuiration indicated an incre(ised initial cost
of ),()4,))! (is ( compried to ",27,{0(10 for the DAl) conti luirition.
Fh co t of (llligri this' r(NavigaTtion ,16svstem is, 2,d()o ,{0)() (')/; per(ent)
les , tor DAIS confiq( rition in rf",pe t to the (onverntionil lvionil s.



Table 4.7 - Cost Impact of Adding a Subsystem,

Conventional + DAIS +
One New One New

Conventional Subsystem DAIS Subsystem
Cost Categories ($000) ($000) ($000) ($000)

Non-Recurring (NR):

" CRD 5,340 5,341 6,210 6,210

* CPP 67, 719 68,587 90,289 91, 102

" CSPI 16,742 16,820 14,330 14,396

" CSEI 15,051 15,660 17,697 17, 697

" CJGI 1,769 1,821 2,095 2, 164

" CIMI 5 6 12 13

" CDRI 22, 176 22, 176 23,636 23,636

* CSWI 5,317 5.317 1,998 2,000

Recurring (R):

* COM 26.682 27,211 13, 554 13, 856

* CSM 22,856 23,480 14,419 14,875

* CPT 13, 153 13,492 8,330 8,5:31

* CSP 11,824 11,892 10,344 10,402

" CDR 33,767 33,904 27,799 27,915

" CSE 6,752 7,057 8,356 8,356

* CJG 1,990 2,048 2,357 2,435

" CIM 229 287 532 583

* CSW 4,209 4,209 2,562 2,562

LCC (NRH-R) $255, 581 $259,308 $244, 520 $246,7:13

LCC - 3,727 - 2,213

l/4



The estimate is based on the non-DAIS configuration requiring an
additional 6746 words as compared to only 1600 more words required
by the DAIS.

4.6 INFLATION EFFECTS

Inflation has an effect on the Recurring Costs category. The
DAIS concept has already shown a recurring cost advantage over
the DAIS concept. The reductions in operational support requirements
permitted by the DAIS affect the cost drivers hit hardest by inflation.
An inflation factor was applied to clarify this additional cost advantage
of a DAIS implementation.

Table 4.8 (which is plotted in Figure 4.2) indicates the effeci
of adding a six percent inflation rate to the recurring cost components
of LCC. When inflation is not considered, the DAIS avionics suite
(dashed line in Figure 4.2) is shown as capable of avoiding approximately
$11 million (4.3 percent) of the $256 million estimated as the LCC
of the comparable conventional avionics suite (dotted line in Figure 4.2).
However, if inflation is considered over a 15-year span in the calcula-
tions, the DAIS cost avoidance potential jumps to $30.7 million which
is 9.4 percent of the $328 million LCC for the conventional avionics.

It should be noted that, for practical purposes, the initial
procurement cost which is higher for DAIS than for conventional
avionics is essentially not affected by inflation (nil nonrecurring
costs occur in base year). The combination of effects acts to more
quickly offset the higher initial acquisition cost of a DAIS pac-kaq.
This fact is illustrated by the crossover point of the compairative
cumulative cost curves (shown in Figure 4.2) moving to n lesser
number of years because of inflation.

4.7 EFFECT OF THE DAIS CONCEPT Or] SERVICE AVAILABILITY

One of the products of the RMCM computer program (see
Output Report 6) is the calculation of the inherent availability for
each subsystem, using the following equation for flightline maintenance
events.

A MFHBMA
MFHBMA MTTR

Mijitiplying the subs/stem vonles for A tor ench ronthiirtion shows
that the total service availabilitv of DAIS is t). 2 I. which is 86 percent
higher thn the ).1791 vllie for the non-I)\lI. AIth)o,,h this mesuire
of redin ess cinnot he o,,i tedt to dollars, it is 1 rlIjor cncern
to the I )IAt jsin; coulwt nd',.



Taole 4.8 - Effect of Six Percent Inflation on LCC.

A - Conventional Avionics LCC

*ADJLCC 1976 Dollars Inflated Change

NR 1976 134, 118,840 134, 118,840 0
RC 1977 8,097.481 8,340,405 3.0
RC 1978 8,097,481 8,840, 830 9.2
RC 1979 8,097,481 9,371,280 15.7
RC 1980 8,097,481 9,9330556 22.7
RC 1981 8,097,481 10, 529,570 30.0
RC 1982 8.097.481 11, 161,344 37.8
RC 1983 8,097,481 11,831,025 46.1
RC 1984 8.097,481 12,540,886 54.9
RC 1985 8. 097,481 13,293,340 64.2
RC 1986 8.097,481 14, 090, 940 74.0
RC 1987 8,097,481 14, 936,396 84.5
RC 1988 8,097,481 15,832,580 95.5
RC 1989 8.097,481 16,782,535 107.3
RC 1990 8,097,481 17,789,487 119.7
RC 1991 8,097,481 18,856,857 132.9
DP 1992 0 0 0

Total 255, 581, 070 328,249,876 28.4

B - DAIS LCC

*ADJLCC 1976 Dollars Inflated Change

NR 1976 156,266,242 156,266,242 208.5
RC 1977 5,883, 566 6,060,073 3.0
RC 1978 5,883,566 6,423,677 9.2
RC 1979 5,883. 566 6,809,098 15.7
RC 1980 5,883,566 7,217,644 22.7
RC 1981 5,883,566 7,650, 703 30.0
RC 1982 5,883,566 8, 109,745 37.8
RC 1983 5,883,566 8, 596,330 46.1
RC 1984 5,883,566 9, 112, 110 54.9
RC 1985 5. 883, 566 9,658,836 64.2
RC 1986 5,883,566 10. 238,366 74.0
RC 1987 5,883,566 10, 852,668 84.5
RC 1988 5,883,566 11, 503,829 95.5
RC 1989 5,883,566 12, 194,058 107.3
RC 1990 5,883,566 12,925.702 119.7
RC 1991 5,883,566 13.701,244 132.9
DP 1992 0 0 0
Total 244, 519, 732 297.320,325 21.3
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V. CONCLUSIONS AND RECOMMENDATIONS

The LCC comparison of this study between a DAIS avionics
suite and a conventional avionics suite for a specific CAS mission
showed that DAIS had a lower (4.3 percent) LCC at the end of 15 years
of operation (refer to Figure 5.1). It had a considerably higher (16.5 per-
cent) nonrecurring cost than the conventional avionics, mainly because
the increased procurement cost (CPP) outweighed the savings in
spares (CSPI) and software acquisition (CSWI). This is illustrated
in Figure 5.2 which provides a comparative histogram of the contributions
that each nonrecurring cost (NRC) element makes to the LCC of
both avionics configurations. All other NRC elements were higher
for DAIS with the costs of R&D (CRD), dep, t support acquisition
(CDRI), and field support equipment acquisition (CSEI) as the major
contributors totalling increased costs of approximately $5.,t)O0())
over the conventional avionics. It should be noted that the depot
support equipment acquisition cost for the non-DAIS confiqiration
was treated as a sunk cost. If considered as a new buy, this cost
would have totalled $11,000,000 and the nonrecurring costs of the
conventional would exceed the DAIS configuration by $6,0)0(,000.
Cost increases resulting from maintenance manual acquisition fnd
inventory management elements were insignificant in terms of their
dollar value.

Figure 5.3 provides the comparative histograrms for the re-, rrinq
cost element contribtions to LCC. The recurring costs of !DAIS
were 27.3 percent lower than the conventional (ivionics, miliny t)'((]k1si'
its concept results in R&M characteristics which dermind less on-
equipment maintenance (COM). less shop maintenance (("M), ,iiuU 1,,
depot repair (CDR).

The comparative impact of an avionics retrofit proqram wis
evaluated by adding a typical subsystem, with minor sottware ref'pre-
ments, to both a conventional and a DAIS contiguration. The resp lts
showed that the DAIS has a potential uninfl(ted $1.9 million al',,,nt
in LCC over the conventional configuration if the avionics r,,trofit
of 72 aircraft occurred in the first year.

An example of (in operational term that benefits fror ' I )Al',
configkirrtion is the 88 percent improvement in servi(ce ( liiilbility
that it provides. Although this measure of readiness c annot be e(IiHitei!
to dollars, it is of natural concern to the I iSA i sing ionirri(l d.

The L('(' uarnparisan prf sented it) this re'port represet t twu
se'ts of nst estimates for a !irtiil( r set of rilditioi. ltir. (ost
(1nail'/5is is h[lSel ofn the best aw iaile dlitr und. the'reore. it is

rei or'iii' dE> t that thf. r,.siIt , bf- -'stali shed (is o !)w 'irn tar ttro.
IAI'S trfie(-otf st i ,*s (;A rlt rr tiv 'i set ,  1 1 (ondit ons. li ,id it in'.

5 refmofTr YIfni r i fvi t ha it th if tr r IIi I r t I I )f- n i I ' 1v, nit' Ir() I
in t' I l ) I f' rl t I t it )n u r T,. , fn i, li( ' 1 11 lt t t I i
iiss , s,rp t i iP i ' iipt IIi l t I f rr(r it.
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The substantiating data and assumptions provided in this report
are sufficiently detailed so that management can readily analyze the
potential for cost savings and improved capability exhibited by the
DAIS concept. Although the LCC savings of the basic DAIS design
over a conventional avionics design appears to be modest at first,
the true potential is appreciated only when the following conditions
are considered in depth.

I. Cost savings to be realized from standardization across aircraft
types.

2. High cost of aircraft retrofit programs particularly when software
changes and rewiring are involved.

3. Cost reduction due to consolidation of support facilities.

4. Increased performance of processors, displays, and software
that offset the acquisition cost of DAIS.

5. DAIS cost avoidance potential because of its lower recurring
costs which are susceptible to inflation.

6?
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